Fundamental dispersion study of vapor-grown carbon fibers (VGCFs) , which, as received, had an aggregated lump form, was performed using a series of ionic liquid, which is N-metyl-N'-alkyllimidazoliumtetrafluoroborate having different alkyl (CnH2n + 1) chain length (n = 2, 4, 6, 8) . In situ optical microscope observation was carried out for the dispersion of a trace amount of VGCF in each ionic liquid, prepared by ultrasonic treatment and magnetic stirring. The degree of VGCF dispersion was improved when the alkyl chain length of ionic liquid became longer. The initial aggregated lump of VGCF still remained in the ionic liquid having the shortest alkyl chain (n = 2) , but completely disappeared in the ionic liquid having the longest alkyl chain (n = 8) .
Dispersion of vapor-grown carbon fibers in ionic liquid Table 1 Characterization data of ionic liquids.
Scheme 1 Schematic representation of ionic liquid preparation.
and was obtained from Shinetsu Silicone Co. Ltd, Japan.
A series of ionic liquid, N-methyl-N'-alkylimidazolium tetrafluoroboarte (1,3-methyalkylimidazoliumtetrafluoroboarte (alkyl = CnH2n+1, n = 2, 4, 6, 8, n = 2 ethyl, EMIBF4, n = 4 butyl, BMIBF4, n = 3 hexyl , HMIBF4, and n = 4 octyl, OMIBF4)) , were synthesized by refluxing N-methylimidazole with each suitable alkylhalide followed by the anion exchange reaction3) . The overall reaction is represented in scheme 1. Moisture was completely eliminated by vacuum oven treatment and all ionic liquid were kept under dry condition. The structure of each resulting viscous liquid was identified by elemental analysis (CHN ratio) , NMR, and mass spectroscopy as listed in Table 1 . The dispersion of VGCF(R) (0.1 wt %) in each ionic liquid and silicone oil were prepared in a bath sonicator (30 minutes) followed by magnetic stirring for 24 hrs. In situ optical micrograph observation was performed.
Results and discussion

Dispersion degree
The VGCF(R)s as received had an aggregated lump structure, as shown in Fig.1 (a) and (b) . This aggregated form still remained in case of poor dispersion even after mixing11). However, silicone oil was one of matrixes, which gave good dispersion of VGCF(R)12). In silicone oil, each VGCF(R) was independently dispersed without the the present study exhibited complete dispersion, which was almost equivalent to that in silicone oil.
Stability of dispersion
The stability of each dispersion after one month was also evaluated, as shown in Fig.3 . All VGCF(R)s were precipitated in EMIBF4
(ethyl, n = 2) and BMIBF4 (butyl, n = 4) . In HMIBF4 (hexyl, n = 6) a part of VGCF(R)s were precipitated. On the other hand, no precipitation was observed in OMIBF4 (octyl, n = 8) in silicone oil. Not only dispersion degree but also stability was excellent in OMIBF4 (octyl, n = 8) . In SWCNT/imidazolium ion-based ionic liquid, the heavily entangled SWCNT bundles were found to untangle to form finer bundles through an interaction between ionic liquid and SWCNT5). Present results suggested the quite opposite tendency that imidazolium cation salt having shorter alkyl chain gave poor dispersion. This would be from the structure characteristics that VGCF(R) had much large diameter with hydrophobic graphite surface structure.
The existence of cation-It interaction in the present system seems weak compared with that of hydrophobic interaction, resulting in poor dispersion of VGCF(R)s in EMIBF4 (ethyl, n = 2) . However, the existence of interaction should be clarified in future experiments from various structural parameters of VGCF, such as, graphitization degree, amorphous portion on surface, surface area, and so on.
Effect of alkyl chain length in ionic liquid
The effect of ionic liquid structure on the dispersion should be discussed from two points. VGCF itself could not be dispersed in water because of hydrophobic characteristics. So, one point is hydrophilic/hydrophobic balance, which is one important factor to be considered. The silicone oil, i.e., polydimetylsiloxane, has hydrophobic property due to the methyl groups. When changing the alkyl length from short to long in imidazolium cation salt, it is known that viscosity increased as a function of alkyl chain length13 
